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Supplementary Material and Methods

Age model

18 Oben data from ODP659 were used to develop an age model over the last 5 Myr (3). The stratigraphy of core MD03-2705 core covering the last 240 ka is based on 14 C dating and  18 Oben data (13, 24, 50) . In this study, nine new radiocarbon dates as well as three new benthic  18 Oben tie points were added to improve the age model (table S1 ). The AMS-14 C dates were obtained on monospecific samples of planktonic foraminifera G. bulloides at the Keck AMS facility of the University of California at Irvine.
AMS-
14
C dates were calibrated into calendar years using the software CALIB 6.0 (51) using a surface reservoir age of 478 years (mean age surface reservoir for West African sites (51)) and the Marine13 calibration curve. Beyond the range of AMS-14 C ages, the age model is based on the correlation of the  18 Oben record (P. wuellerstorfi) (25) with the  18 Oben LR04 Stack (50, 52) . We have chosen to remove some  18 Oben tie points from (50) and added 3 new  18 Oben tie points over the last 100 ka obtained from a  18 Oben composite record from the Iberian margin, which presents a high-resolution record tied to
Greenland ice core chronologies (53). All tie points of the new age model are presented in table S1.
From 0 to 198 cm, 3 polynomial regressions were used to create the age model for the last 27 ka in order to best fit the tie points ( fig. S1 ), and a piecewise linear age model was used for the remainder of the last 240 ka ( fig. S1 ).
Mass accumulation rates
The canonical North African Plio-Pleistocene dust record from ODP659 is based on terrigenous (i.e., for which fluxes are determined. In this approach, the terrigenous fraction of the sediment is assumed to be primarily eolian. As detailed above, this assumption is supported by the core's distance from the coast, its location on a local bathymetric high, and its location under the core of the Saharan dust plume.
We assign a nominal 5% 1-sigma uncertainty to the estimated eolian fraction of the sediment to account for uncertainties in this assumption and in the 232 Th concentration of eolian dust.
The remaining uncertainty in reconstructed dust fluxes stems from uncertainties in the 230 Th-normalized bulk sediment fluxes, as described above. These uncertainties reflect corrections for 230 Th associated with detrital grains and authigenic uranium and increase with increasing age and detrital content. Eleven replicate aliquots were analyzed for samples between 661-991 cm (~115-183 ka), with an average difference in dust fluxes between replicates of 13%. Four replicates were also analyzed for samples in the upper 124 cm of the core (6-18 ka) to test reproducibility between MIT and UBC. The mean difference in dust fluxes was 6%, indicating good agreement between the two labs. The smaller value relative to within-lab replicates reflects the fact that the importance of corrections for supported 230 Th becomes greater with increasing age, and all samples processed for intra-lab reproducibility were substantially older than those tested for inter-lab reproducibility. For samples with replicates, the errorweighted mean and its uncertainty were used in the final dust flux record.
Uncertainties for dust fluxes do not reflect uncertainties in the assumption that the supply of 230 Th to the sediment is equal to its production rate in the overlying water column. Modeling and sediment trap studies suggest that this assumption is correct to within 30% in most sedimentary environments ( 
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Drivers of observed changes in Saharan dust emissions
Here we examine the potential drivers of dust emission changes in order to assess the connection between dust fluxes at our core site and regional monsoon strength. There are three potential drivers of orbital-and millennial-scale changes in winter dust emissions from the Sahara: the supply of finegrained material, aridity, and surface winds.
The supply of fine-grained material in dust source regions has been mentioned as a contributing factor in past dust emission changes by some authors (63), but several observations suggest that it is of minor importance. First, very high dust deposition is observed in Heinrich Stadial 1 at the end of the last glacial period (e.g., core GC68 on the NW African margin (22)). This peak in dust deposition occurs after a prolonged period of dry conditions in the Sahara, over 30 ka after the most recent humid period at ~55 ka (17). Second, dust emissions have been gradually rising over the last 5 ka following the end of the African Humid Period (21-23); if supply were the primary control, dust emissions should peak immediately following the humid period and then diminish. Finally, modern observations suggest that fine-grained material can be generated by wind abrasion of sand grains, indicating that precipitation is not required to produce fine grains for long-range transport (64).
A second driver of past dust emission changes is aridity. Reduced precipitation decreases soil moisture and vegetation density, enabling increased dust emissions. Modeling studies seeking to simulate Holocene changes in dust deposition observed in sediment cores have emphasized the importance of soil moisture and vegetation density in decreasing dust emissions during the Green Sahara period of the Early and mid-Holocene (8, (65) (66) (67) . This mechanism is certain to be important in reducing dust emissions during humid periods, but it may only be important during climates wetter than today.
Modern decadal variations in dust emissions from the Sahara are controlled by surface wind strength rather than precipitation or vegetation density (68, 69), and it is not likely that periods of reduced summer insolation relative to today (e.g. MIS5d, ~115 ka) would have significantly expanded dust source areas in northwest Africa, the source region for MD03-2705 (70, 71) , as this region is already arid under modern conditions.
A final potential driver of past dust emission changes is surface winds. As mentioned above, winds are the primary driver of recent decadal variations in dust emissions from the Sahara (68, 69). On millennial and orbital timescales, the covariation of proxies for wind-driven upwelling and dust deposition supports winter trade winds as an important driver of dust emission changes from northwest Africa (7, 21, 22, 72) . In modern observations, interannual variations in dust-generating winds vary with the position of the regional Intertropical Convergence Zone (ITCZ), strengthening in years in which the ITCZ is displaced farther south than normal (68). This relationship results from anomalously high pressures over the Sahara in years in which the near-surface convergence in West Africa is displaced south, setting up northeasterly winds that drive dust emissions (6, 68). During "Green Sahara" periods (precessional maxima in summer insolation), model simulations suggest that northeasterly winds weakened in both winter and summer in association with anomalously low surface pressures over the Sahara (8). During precessional minima in local summer insolation (e.g. MIS 5d), simulations suggest that the regional ITCZ was displaced anomalously far south in both summer and winter (73). Coherent variations in summer and winter surface pressures and winds over the Sahara in response to orbital and millennialscale forcings are supported by dust flux records spanning the last 20 ka, which show similar signals in sites reflecting summer and winter dust deposition (23).
Together, these findings suggest that West African monsoon rainfall and surface winds vary coherently on a wide range of timescales. As a result, efforts to isolate aridity versus wind strength as controls on long-term dust emissions may be misplaced, and dust-even in winter-acts as an integrated tracer of monsoon strength.
Deep Atlantic [CO3 dust MARs. Grey bars highlight the main orbital cyclicities (100, 41 and 23 ka) for which a peak in power variance is associated with a coherence higher than 0.5. water depth, grey triangles) sites are from (27). These sites were chosen because of their high-resolution records and relative proximity to MD03-2705, but other sites in water depths ranging from 3-5 km show similar carbonate ion changes. 
